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(54) Regenerative deceleration for a hybrid drive system 



(57) A control system is provided for the drive sys- 
tem of automotive vehicles. A control determines a com- 
bination of torque to be applied from an Integrated start- 
er-generator and compression torque to be applied from 
an engine. The combination of the integrated starter- 



generator torque and engine compression torque re- 
sults in a desired deceleration torque. The control pref- 
erentially applies torque from the integrated starter-gen- 
erator over the compression torque, thus maximizing re- 
generation. 
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Description 
BACKGROUND 

[0001] Due to a growing market demand for automo- 
tive vehicles that are fuel efficient and environmentally 
friendly, automotive vehicle manufacturers increasingly 
are devoting a substantial portion of their research re- 
sources on fundamentally new technologies. Much of 
this research has focused on the internal combustion 
engine, which is used in the vast majority of automotive 
vehicles currently produced. 

[0002] Although the internal combustion engine is in- 
expensive, ^reliable, easy to refuel and provides the de- 
sired performance, it is desirable to reduce the con- 
sumption of fossil fuels and emissions of these engines. 
To further address these concerns, manufacturers are 
also focusing their research on other areas of the auto- 
motive vehicles, such as braking systems and other 
drivetrain components. 

[0003] As a result of this research emphasis, the au- 
tomotive industry has developed a number of alternative 
drive systems for powering automotive vehicles. Gen- 
erally speaking, a range of different concepts have been 
developed for automotive drive systems. At one end of 
this spectrum of available drive systems is the conven- 
tional drive system which uses an internal combustion 
engine that directly drives a standard automatic or man- 
ual transmission. At the other end of the spectrum is the 
electrical vehicle concept. Electrical vehicles operate 
completely on electrical energy stored on board, but 
generated elsewhere from fossil fuel or other sources. 
Typically, the drive system of an electrical vehicle uses 
a large electrical drive motor for torque generation and 
large capacity batteries for electricity storage. Some crit- 
ics of conventional internal combustion engine drive 
systems prefer the concept of electrical vehicles be- 
cause the electrical drive motor emits no polluting ex- 
hausts. Electrical automotive vehicles have generally 
been unsuccessful in the marketplace, however, be- 
cause they can only travel short distances before the 
batteries must be recharged. In addition, the recharging 
process usually lasts several hours. 
[0004] In response to the disadvantages of electrical 
vehicles, manufacturers of automotive vehicles have 
developed the concept of hybrid drive systems. This 
drive system typically includes both an internal combus- 
tion engine powered by fossil fuel and an electrical mo- 
tor powered by electricity. The goal of hybrid drive sys- 
tems is to combine the advantages of conventional in- 
ternal combustion engine drive systems with the advan- 
tages of electrical drive systems. Thus, the optimal hy- 
brid drive system desirably is capable of traveling long 
distances with good drive performance while requiring 
only a short amount of time to refill with fuel or recharge 
the batteries. Additionally, the drive system may be fuel 
efficient and environmentally friendly. 
[0005] The concepts of hybrid drive systems are gen- 



erally defined by two categories. In one category, re- 
ferred to as high storage hybrids, the electrical drive sys- 
tem acts as the dominant system and the internal com- 
bustion engine provides supplemental power when 
5 needed. These systems typically include a large electri- 
cal motor and large capacity batteries similar to an elec- 
trical vehicle but also include a small internal combus- 
tion engine. The internal combustion engine provides 
additional power when extra acceleration is desired and 
can be used to generate electricity for longer distance 
travel. In the other hybrid category, referred to as low 
storage hybrids, this combination of drive systems is re- 
versed. The internal combustion engine acts as the 
dominant system and the electrical drive system pro- 
vides supplemental power. In this type of system fuel 
efficiency is increased by using a smaller internal com- 
bustion engine than is typically used in conventional au- 
tomotive vehicles. However, drive performance remains 
similar to conventional drive systems since the electrical 
drive system provides assist power when needed. The 
electrical drive system can also be used in a regenera- 
tion mode to divert torque from the drivetrain to generate 
electricity for recharging the batteries. Low storage hy- 
brid drive systems may be more readily acceptable to 
consumers as an alternative to conventional drive sys- 
tems. One reason for this acceptance is that consumers 
typically demand drive performance and vehicle behav- 
ior equal to or similar to what they have experienced with 
current automotive vehicles. 

[0006] Typically, an integrated starter-generator 
("ISG") is used for the electrical drive system in low stor- 
age hybrid drive systems. Several different versions of 
ISGs are available; but generally speaking, the ISG is 
connected to the drivetrain of the automotive vehicle be- 
tween the internal combustion engine and the wheels. 
Accordingly, the ISG is usually capable of functioning 
like a motor to generate drive torque from electricity 
stored in the batteries. Alternatively, the ISG is able to 
generate electricity from drive system torque. Thus, at 
least four different modes of operation of the ISG are 
possible. In the first mode, the ISG supplies torque to 
the engine to turn the crankshaft during starting of the 
engine. The ISG acts like a conventional starter in this 
mode; therefore the need for a standalone starter is 
eliminated. In the second mode, the ISG diverts some 
of the torque produced by the engine during normal op- 
eration in order to generate electricity. The electricity is 
then used to recharge the batteries and for powering the 
various electrical components used throughout the au- 
tomotive vehicle. In this mode the ISG acts similarly to 
a conventional alternator, thus eliminating the need for 
a standalone alternator. In the third mode, the ISG draws 
electricity from the batteries to supply torque to the driv- 
etrain during heavy loading. This mode enhances drive 
performance of the automotive vehicle by improving ac- 
celeration or allowing the engine to operate at lower av- 
erage speed and higher average load for improved ther- 
mal efficiency. In the fourth mode, the ISG generates 
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electricity from torque supplied by the drivetrain. This 
mode is sometimes referred to as regenerative braking 
or regenerative deceleration. In effect, this mode allows 
the automotive vehicle to recapture energy that is nor- 
mally lost by conventional drive systems during decel- 
eration, or slowing, of the vehicle. 
[0007] Several problems are commonly encountered 
with the regenerative deceleration mode in currently 
available low storage drive systems. For example, the 
ISG causes the automotive vehicle to decelerate at an 
inconsistent rate between different deceleration events 
of the vehicle. This problem occurs because the torque 
applied by the ISG changes depending on the amount 
of electricity stored in the batteries and the electricity 
being used by the vehicle's electrical components. 
When the batteries are very low and capable of receiv- 
ing a lot of electricity, the ISG applies more torque to 
generate more electricity. When the batteries are fully 
charged, the ISG applies very little torque, if any, for 
electricity generation. This variance in torque is unde- 
sirable because the driver can not predict the rate at 
which the vehicle will slow down. 
[0008] Another problem is that the ISG typically pro- 
duces an unfamiliar deceleration behavior. In conven- 
tional drive systems, deceleration of the vehicle is pro- 
vided by either wheel brakes or from compression brak- 
ing when the drivetrain rotates faster than the equilibri- 
um speed of the engine. Compression braking common- 
ly occurs when the driver lets off of the gas pedal or 
when the vehicle is coasting down a hill. In these situa- 
tions, compression is produced in the engine cylinders 
of the internal combustion engine by the rotating pis- 
tons, thereby resulting in a consistent and predictable 
slowing of the automotive vehicle. 
[0009] Hybrid drive systems employing regenerative 
braking are currently unable to produce a deceleration 
behavior that is similar to conventional drive systems. 
The deceleration torque experienced by the driver no 
longer varies predictably depending on vehicle speed, 
engine speed and transmission setting as inherently 
happens in conventional drive systems. Like the incon- 
sistent deceleration behavior that results from varying 
electricity demands, consumers can find this difference 
between hybrid and conventional drive systems incon- 
venient and disconcerting. The deceleration behavior of 
hybrid drive systems is also complicated further by the 
fact that the internal combustion engine, which contin- 
ues to be used as the dominant power source, also pro- 
duces deceleration due to conventional compression 
braking in addition to the deceleration produced by the 
ISG. 

BRIEF SUMMARY OF THE INVENTION 

[0010] Accordingly, a control system is provided for 
decelerating a vehicle at a predictable rate while opti- 
mizing regeneration of the deceleration torque. The con- 
trol system receives input data, including a desired de- 



celeration torque, an integrated starter-generator 
("ISG") torque capacity, and a compression torque ca- 
pability of an internal combustion engine. The control 
then changes a setting of the ISG and a setting of a var- 
5 iable valve timing system ("WT") to achieve the desired 
deceleration torque. The torque applied by the ISG is 
maximized and the compression torque of the engine is 
minimized to increase efficiency of the regenerative de- 
celeration mode. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention, including its construction and 
method of operation, is illustrated more or less diagram- 
's matically in the drawings, in which: 

Figure 1 is a schematic view of one embodiment of 
an automotive vehicle with a low storage hybrid 
drive system; 

20 Figure 2 is a cross-section schematic view of one 
embodiment of an integrated starter-generator; 
Figure 3 is a flow chart of one embodiment of oper- 
ation of a control system; and 
Figure 4 is a chart showing torques used in one em* 

25 bodiment of the hybrid drive system during different 
stages. 

DETAILED DESCRIPTION 

30 [0012] Referring now to the drawings, and particularly 
to Figures 1 and 2, a control system is provided for au- 
tomotive hybrid drive systems. The control system uses 
a number of sensors to constantly monitor characteris- 
tics of the automotive vehicle 10 during deceleration of 

35 the vehicle 10. A control then calculates adjustments for 
an integrated starter-generator ("ISG") 28 and a variable 
valve timing system ("WT") 24 to achieve a decelera- 
tion behavior that is both efficient and acceptable to the 
driver. The control system is described herein in relation 

40 to low storage hybrid drive systems. However, the prin- 
ciples of this control system may be beneficial in other 
drive systems, such as high storage hybrid drive sys- 
tems or non-hybrid electrical systems. 
[0013] Figure 1 shows an automotive vehicle 10 with 

45 a low storage hybrid drive system. The hybrid drive sys- 
tem uses a conventional internal combustion engine 22 
as the dominant source of drive torque for moving the 
vehicle 10. An ISG 28 supplements the power of the en- 
gine 22 and converts torque into electricity. 

50 [0014] A typical example of a conventional automo- 
tive vehicle has a six cylinder engine with 4.0 liters of 
cylinder capacity. The electrical system in this vehicle 
usually is set to run at 14 volts, and the load rating of 
the battery is 40-50 amp-hr. A starter is required to start 

55 the engine in this vehicle, and a 1 .0 kW alternator is typ- 
ically used to provide electricity. A comparable example 
of a low storage hybrid vehicle 10 uses a smaller six 
cylinder engine 22 with a capacity of about 3.2 to 3.5 
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liters. The smaller engine 22 results in improved efficien- 
cy, while driving performance remains similar to the con- 
ventional vehicle due to power assist by the ISG 28. 
Usually, the electrical system voltage is increased to 42 
volts or higher because of the increased use of electric- 5 
ity throughout the vehicle 10. The capacity of the battery 
32 is also increased by about four times for greater elec- 
tricity storage. Thus, although the load rating of the bat- 
tery 32 remains at about 40-50 amp-hr, the voltage sup- 
ply of the battery 32 is now 42 volts or higher instead of 
14 volts. Because the ISG 28 produces electricity to 
power the electrical system similar to an alternator, the 
alternator is eliminated in the hybrid vehicle 10. Addi- 
tionally, the ISG 28 can perform the same starting func- 
tion of a conventional starter, thus the starter is also 
eliminated from the hybrid vehicle 10. 
[0015] Internal combustion engines 22 use a number 
of pistons that reciprocate inside of cylinders in the en- 
gine 22, thereby rotating and driving a crankshaft 23. 
The engine 22 is powered by fossil fuel and air mixed 
together and ignited in the cylinders. Normally, a fuel 
tank 26 is provided for storing the fossil fuel, with fuel 
lines 25 supplying the fuel to the engine 22. The flow of 
fuel and air into the cylinders is controlled by valves that 
reciprocally open and close to feed and exhaust the cyl- 
inders and seal the cylinders during ignition. Therefore, 
the valves control the amount of compression that forms 
in the cylinders by sealing the cylinder during a portion 
of the cycle. 

[0016] The engine 22 is also provided with the WT 
24. A variety of WTs 24 are known to those skilled in 
the art, and any type of WT 24 that can control com- 
pression is contemplated to work with the present inven- 
tion. The WT 24 allows the timing of the reciprocating 
valves to be varied during operation of the vehicle 10. 
A number of technologies have been used to accom- 
plish variable timing of the valves, including mechanical 
systems, hydraulic systems, electrical systems and var- 
ious combinations thereof. In one embodiment, an elec- 
trically powered WT 24 is provided. In the electrical 
WT 24, each valve is actuated by a separate electrical 
solenoid. The solenoids are then controlled by a control 
system that controls the timing of the valves. 
[0017] As is understood by those in the art, the WT 
24 varies the compression produced in the cylinders 
during operation of the vehicle 1 0. This ability allows au- 
tomotive vehicle manufactures to improve both perform- 
ance and efficiency of the vehicle 10 in a number of 
ways. Generally speaking, internal combustion engines 
22 operate most efficiently with a high compression ra- 
tio. Thus, for example, a compression ratio of 10:1 is 
often used in automotive vehicles 10. However, the op- 
timum compression ratio for a particular vehicle 10 var- 
ies depending on several factors, such as the tempera- 
ture of the engine 22, the atmosphere and the level of 
load on the engine 22. The compression ratio also caus- 
es a braking effect of the vehicle 10 when the drivetrain 
is rotating faster than the coasting equilibrium point of 



the engine 22. In this situation, a high compression ratio 
produces a large drag torque that will tend to decelerate 
the vehicle 10. The deceleration is generally consistent 
and predictable. On the other hand, compression brak- 
ing is an inefficient process for decelerating the vehicle 
10 because the energy used to slow the vehicle 10 is 
turned into unusable heat in the engine 22. The heat is 
then dissipated and discarded. 

[0018] Those skilled in the art will recognize that cer- 
tain changes to engine operating parameters, such as 
spark timing, fuel injector timing, and throttle position 
may be required to achieve the benefits of this system, 
and further may improve the overall effectiveness of the 
system. The fact that these changes may be made does 
not limit the scope of the present invention. 
[0019] In one embodiment, the crankshaft 23 of the 
engine 22 is connected directly to the ISG 28. In other 
embodiments, the ISG 28 is indirectly connected to the 
crankshaft 23 by locating the ISG 28 elsewhere in the 
drivetrain of the vehicle 10 and rotating the ISG 28 with 
a belt, chain or gear drive. Moreover, a variety of ISG 
28 types that are capable of converting drive torque to 
electricity and electricity to drive torque may be used. 
[0020] One type of ISG 28 is shown in Figure 2. This 
ISG 28 has a rotor 29 directly connected to the engine 
crankshaft 23. The rotor 29 is also directly connected to 
a transmission input shaft 35. Accordingly, the rotor 29 
rotates within a stationary stator 27 at the same rota- 
tional speed of the crankshaft 23 and transmission shaft 
35. 

[0021] The ISG 28 operates in four different modes. 
In the first mode, the ISG 28 rotates the crankshaft 23 
during startup of the vehicle 10 until the engine 22 be- 
gins to operate self-sufficiently. In this mode, the ISG 28 
draws stored electricity from the batteries 32 through 
connecting cables 33. In the second mode, the ISG 28 
applies a torque load to the rotor 29 that is less than the 
engine torque provided by the crankshaft 23. The ISG 
28 then converts this applied torque to electricity that is 
used to recharge the batteries 32 and to power various 
electrical components throughout the vehicle 10. The 
remaining engine torque that is not used by the ISG 28 
drives the transmission shaft 35. In the third mode, elec- 
tricity is drawn from the batteries 32 and is converted by 
the ISG 28 into a torque at the rotor 29. In this mode, 
the torque supplied by the ISG 28 assists the engine 
torque. Thus, the torque received by the transmission 
shaft 35 is the sum of both the engine torque and the 
ISG torque. In the fourth mode, the ISG 28 applies a 
torque to the transmission shaft 35 to decelerate the ve- 
hicle 10. This mode is often referred to as regenerative 
deceleration because a large portion of the energy used 
to slow the vehicle 10 is recaptured by the ISG 28. The 
ISG 28 converts the deceleration torque into electricity, 
which can then be stored in the batteries 32 or used by 
the electrical system. In alternative embodiments, few- 
er, additional or different modes are provided. 
[0022] A control 30 determines when to convert 
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torque into electricity and when to convert electricity into 
torque. Accordingly, the control 30 switches the ISG 28 
between each of the various operating modes at the ap- 
propriate times depending on whether more torque or 
more electricity is needed. 

[0023] The control 30 also varies the amount of torque 
or electricity that is produced at any particular moment. 
For example, in the torque assist mode, the amount of 
torque produced by the ISG 28, and consequently the 
amount of electricity drawn from the batteries 32, may 
be variable based on the capacity of the ISG 28 to pro- 
vide torque and the driver's desire for power. As another 
example, in the regenerative deceleration mode, the 
amount of electricity produced, and consequently the 
torque load applied to the transmission shaft 35, also 
varies depending on the capacity of the ISG 28. 
[0024] When the batteries 32 become fully charged, 
the electrical system of the vehicle 10 may no longer 
accept additional electricity from the ISG 28. The control 
30 then reduces the amount of torque load applied to 
the rotor 29. A number of signals are routed to the con- 
trol 30 to determine when electricity generation can be 
increased or should be decreased. For example, one 
signal indicates the charge in the batteries 32 to ensure 
that the batteries 32 are not overcharged. Another sen- 
sor measures the battery 32 temperature. Another sen- 
sor measures the voltage of the vehicle's electrical sys- 
tem to regulate the ISG 28 voltage in the desired range. 
A sensor also monitors the temperature of the ISG 28 
to ensure that the ISG 28 does not overheat and dam- 
age, and another sensor measures the speed of the ISG 
28. 

[0025] The transmission input shaft 35 rotates the in- 
ternal components of the transmission 34, thereby con- 
verting the rotating speed of the input shaft 35 to the 
desired output speed used by the wheels 12. The trans- 
mission 34 comprises any known or later developed 
transmissions, such as an automatic transmission, a 
manual or automated manual transmission or a contin- 
uously variable transmission. The output torque of the 
transmission 34 is distributed to the wheels 12 through 
drive shafts 18 and axle shafts 16, thereby rotating the 
wheels 12 and propelling the vehicle 10. Brakes 14 are 
also provided at each of the wheels 12 for slowing the 
vehicle 10. 

[0026] Figure 3 is a flow chart representing the oper- 
ation of the control system. Three primary sources of 
input data 36, 38, 40 are provided for the control 30. The 
first source of data 36 is the desired deceleration torque 
36. The desired deceleration torque 36 is a map, look 
up table or profile. The map is determined by the auto- 
motive vehicle manufacturer and is programmed into 
the control 30 or other storage medium. The driver may 
change the deceleration map based on individual pref- 
erence in some embodiments. The output of the decel- 
eration map may depend on one or more characteris- 
tics, such as engine speed, vehicle speed and the po- 
sitions of the throttJe and brake controls. Sensors are 



provided to monitor each of these characteristics, with 
the data being continuously, periodically or intermittently 
routed to the control 30. 

[0027] The deceleration map represents the actual 

5 deceleration of the vehicle 10 that the driver experienc- 
es. In one embodiment, the deceleration map simulates 
the coasting behavior of the vehicle 10. In this embodi- 
ment, the wheel brakes 14 operate independently of the 
ISG 28 as an autonomous system. In alternative em- 

10 bodiments, the deceleration of the vehicle 1 0 due to ac- 
tuation of the brake pedal is also incorporated into the 
function of the ISG 28. The deceleration map may be 
designed to produce a variety of deceleration behaviors. 
For example, in many low storage hybrid vehicles 10, 

15 consumers may prefer a deceleration map that mirrors 
the deceleration behavior of conventional vehicles. 
However, a more aggressive deceleration behavior may 
also be desirable to increase the amount of regenerative 
braking, thereby further improving efficiency. Alterna- 

20 tively, less aggressive deceleration may be used. 

[0028] The second source of data 38 is the torque ca- 
pacity 38 of the ISG 28. As previously described, the 
amount of torque 38 that the ISG 28 applies is noncon- 
stant and varies based on a number of factors. Accord- 

25 ingly, the ISG torque capacity 38 is a function of a 
number of characteristics, including the speed and tem- 
perature of the ISG 28, the state of charge and temper- 
ature of the batteries 32, and the electrical load of the 
vehicle's electrical components. Signals for each, or a 

30 subset of, these characteristics are provided, and the 
data is continuously provided to the control 30. The con- 
trol 30 then uses the data from these signals to calculate 
the maximum torque 38 that the ISG 28 can provide to 
decelerate the vehicle 10. 

35 [0029] The third source of data 40 is the compression 
torque capability 40 of the engine 22. As described 
above, the compression ratio of the engine 22 can be 
varied by the WT 24. Accordingly, the compression 
torque capability 40 of the internal combustion engine 

40 22 is a function of engine speed and the operating range 
of the WT 24. Electrical WTs 24 have an extended 
range of operation that allows the compression ratio to 
be reduced to zero compression and increased up to a 
maximum compression possible in the engine 22. Even 

45 at a setting of zero compression, a small amount of en- 
gine drag 46 may exist. Other WTs 24, such as me- 
chanical WTs, may have a more restricted range and 
commonly are able to provide a range of compression 
ratios between 5:1 to 10:1. 

50 [0030] The control 30 continuously monitors each of 
these data sources 36, 38, 40 and calculates the ISG 
torque to be applied and the setting of the WT 24. The 
combination of the deceleration torque applied by the 
ISG 28 and the compression braking applied by the en- 

55 gine 22 equals the desired deceleration torque 36. For 
example, the ISG torque is set equal to the lesser of the 
ISG torque capacity 38 and the desired deceleration 
torque 36 minus the minimum engine drag torque 46. 
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[0033] fn stage 3 (52), the ISG torque capacity 38 is 
relatively high like stage 2 (50) but is less than the dif- 
ference 44 between the desired deceleration torque 36 
and the minimum engine drag torque 46. This situation 
represents a case when the batteries 32 and the elec- 
trical system are capable of receiving a relatively high 
level of electrical charge but not enough to absorb all 
the energy needed to decelerate the vehicle 10. Thus 
as , n the other stages 48, 50, the compression ratio of 
the engine 10 is adjusted so that the engine compres- 
sion torque 42 contributes the additional torque needed 
to achieve the desired deceleration torque 36. 
[0034] A consistent and predictable deceleration be- 
havior is provided while also improving the efficiency of 
the regenerative deceleration mode. Accordingly the 
vehicle 10 decelerates at a predetermine desired decel- 
eration torque 36 regardless of the status of the batteries 
32 or the electrical system. The control 30 then prefer- 
entially applies torque 38, 44 from the ISG 28 to maxi- 
mize recovery of the energy used to decelerate the ve- 
hicle 10. The control 30 also adjusts the setting otthe 
WT 24 to change the compression ratio of the engine 
1 0 so that the sum of the torque 38, 44 from the ISG 28 
and the compression torque 42, 46 from the engine 10 
equals the desired deceleration torque 36. Thus the 
compression ratio of the engine 10 is minimized during 
deceleration to reduce unrecoverable energy losses 
that occur during compression braking. 
[0035] While preferred embodiments of the invention 
have been described, it should be understood that the 
invention is not so limited, and modifications may be 
made without departing from the invention. The scope 
o the invention is defined by the appended claims, and 
all devices that come within the meaning of the claims 
either literally or by equivalence, are intended to be em- 
braced therein. 



Claims 

1. A control system for regenerative braking, the 
control system comprising: 

a control receiving sources of input data, said 
input data comprising a desired deceleration 
torque, an integrated starter-generator ("ISG") 
torque capacity, and an internal combustion en- 
gine compression torque capability; said con- 
trol using said sources of input data to deter- 
mine an ISG torque to be applied and an engine 
compression torque to be applied to achieve 
said desired deceleration torque, *aid determi- 
nation preferentially applying said torque; 
and said control transmitting signalsS> aS ed on 
said determination to said ISG and sa\ engine 
thereby changing a torque applied by s'aa ISG 
and changing a compression torque applied by 
said engine. 
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2. The control system according to Claim 1 , wherein 
said control continuously receives said sources of 
input data and continuously changes said ISG 
torque and said engine compression torque. 

3. The control system according to Claim 1 , wherein 
said desired deceleration torque is predetermined. 



torque capacity is calculated as a function of ISG 
speed, ISG temperature, battery state of charge, 
battery temperature, and electricity draw of vehicle 
electrical components; and wherein said internal 
engine compression torque capability is calculated 
as a function of engine speed and an operating 
range of said WT. 



4. The control system according to Claim 1 , wherein 
said desired deceleration torque comprises a decel- 10 
eration map programmed in a storage medium, said 
deceleration map producing said desired decelera- 
tion torque based on deceleration sensors monitor- 
ing vehicle characteristics. 1 , * 

5. The control system according to Claim 4, wherein 
said deceleration sensors comprise a sensor meas- 
uring engine speed; a sensor measuring vehicle 
speed, a sensor measuring throttle position, and a 
sensor measuring brake position. 20 

6. The control system according to Claim 1 , wherein 
said ISG torque capacity is calculated as a function 
of ISG speed, ISG temperature, battery state of 
charge, battery temperature, and electricity draw of 25 
vehicle electrical components. 

,7. The control system according to Claim 1 , wherein 
said internal engine compression torque capability 
is calculated as a function of engine speed and an 30 
operating range of a variable valve timing system 
("WT"). 

8. The control system according to Claim 1 , wherein 
said internal combustion engine comprises a piston 35 
engine; and further comprising a variable valve tim- 
ing system ("WT"). 

9. The control system according to Claim 1 , wherein 

the ISG torque to be applied is the lesser of said 40 
ISG torque capacity and a difference between said 
desired deceleration torque and a minimum engine 
compression torque, said engine compression 
torque to be applied being equal to a difference be- 
tween said desired deceleration torque and said 45 
ISG torque to be applied. 

10. The control system according to Claim 9, where- 
in said internal combustion engine comprises a pis- 
ton engine; further comprising a variable valve tim- 50 
ing system ("WT"), said WT operable to change a 
compression ratio of said engine thereby changing 
said engine compression torque; wherein said de- 
sired deceleration torque comprises a deceleration 
map programmed in a storage medium, said decel- 55 
eration map producing said desired deceleration 
torque as a function of deceleration sensors moni- 
toring vehicle characteristics; wherein said ISG 



11. The control system according to Claim 10, 
wherein said control continuously receives said 
sources of input data and continuously changes 
said ISG torque and said engine compression 
torque; wherein said desired deceleration torque is 
predetermined; and wherein said deceleration sen- 
sors comprise a sensor measuring engine speed, a 
sensor measuring vehicle speed, a sensor measur- 
ing throttle position, and a sensor measuring brake 
position. 

1 2. A hybrid drive system for an automotive vehicle, 
the hybrid drive system comprising: 

an internal combustion engine; 
a variable valve timing system ("WT') connect- 
ed with said engine; 

an integrated starter-generator ("ISG") electri- 
cally connected to a battery and an electrical 
system; and 

a control changing both a setting of said WT 
and a setting of said ISG. 

13. The hybrid drive system according to Claim 12, 
wherein said control changes said WT setting and 
said ISG setting during a regenerative deceleration 
mode in which deceleration power is converted to 
electrical power, said control preferentially setting 
the ISG to apply more torque and setting the WT 
to apply less engine compression torque. 

14. The hybrid drive system according to Claim 12, 
wherein said control determines a combination of 
said ISG torque and said engine compression 
torque substantially equal to a desired deceleration 
torque. 

15. The hybrid drive system according to Claim 14, 
wherein said desired deceleration torque simulates 
coasting behavior of the vehicle, said coasting be- 
havior not including braking deceleration performed 
by an autonomous braking system. 

16. The hybrid drive system according to Claim 14, 
wherein said ISG torque is the lesser of an ISG 
torque capacity and a difference between said de- 
sired deceleration torque and a minimum engine 
drag torque, said engine compression torque being 
a difference between said desired deceleration 
torque and said ISG torque. 
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17. The hybrid drive system according to Claim 12, 
wherein said control changes said WT setting and 
said ISG setting in response to sources of input da- 
ta, said input data comprising a desired decelera- 
tion torque, an ISG torque capacity, and an engine 5 
compression torque capability, wherein said de- 
sired deceleration torque is produced from a decel- 
eration map in response to sensors monitoring at 
least engine speed, vehicle speed, throttle position, 
and brake position, wherein said ISG torque capac- 10 
ity is responsive to sensors monitoring at least ISG 
speed, ISG temperature, battery state of charge, 
battery temperature, and electricity draw of vehicle 
electrical components, and wherein said engine 
compression torque capability is responsive to at is 
least a sensor monitoring engine speed and an op- 
erating range of said WT. * 

18. The hybrid drive system according to Claim 12, 
wherein said WT is an electrical WT with sole- 20 
noids actuating cylinder valves. 

18. 5. The hybrid drive system according to Claim 
12, wherein said WT is an electro hydraulic WT 
with hydraulic actuators controlling cylinder valves. 25 

19. The hybrid drive system according to Claim 12, 
wherein said ISG is mounted to said engine and to 
a transmission, said ISG comprising a stationary 
stator and a rotating rotor, said rotor being connect- 30 
ed to a crankshaft of said engine and connected to 

an input shaft of said transmission. 

20. The hybrid drive system according to Claim 1 2, 
wherein said hybrid drive system is a low storage 35 
hybrid drive system whereby said internal combus- 
tion engine is the dominant power source and said 
ISG is a supplemental power source. 

21 . The hybrid drive system according to Claim 20, 40 
wherein said control changes said WT setting and 
said ISG setting during a regenerative deceleration 
mode in which deceleration torque is converted to 
electricity; wherein said control determines a com- 
bination of said ISG torque and said engine com- 45 
pression torque as a function of a desired deceler- 
ation torque; wherein said desired deceleration 
torque simulates coasting behavior of the vehicle; 
and wherein said ISG torque is the lesser of an ISG 
torque capacity and a difference between said de- 50 
sired deceleration torque and a minimum engine 
drag torque, said engine compression torque being 

a difference between said desired deceleration 
torque and said ISG torque. 

55 

22. The hybrid drive system according to Claim 21, 
wherein said control changes said WT setting and 
said ISG setting in response to sources of input da- 



ta, said input data comprising a desired decelera- 
tion torque, an ISG torque capacity, and an engine 
compression torque capability, wherein said de- 
sired deceleration torque is produced from a decel- 
eration map in response to sensors monitoring at 
least engine speed, vehicle speed, throttle position, 
and brake position, wherein said ISG torque capac- 
ity is responsive to sensors monitoring at least ISG 
speed, ISG temperature, battery state of charge, 
battery temperature, and electricity draw of vehicle 
electrical components, and wherein said engine 
compression torque capability is responsive at least 
a sensor monitoring engine speed and an operating 
range of said WT; wherein said WT is an electrical 
WT with solenoids actuating cylinder valves; and 
wherein said ISG is mounted to said engine and to 
a transmission, said ISG comprising a stationary 
stator and a rotating rotor, said rotor being connect- 
ed to a crankshaft of said engine and connected to 
an input shaft of said transmission. 

23. A method of controlling a hybrid drive system in 
an automotive vehicle, the method comprising: 

monitoring a torque applied by an integrated 
starter-generator ("ISG' 1 ); and 
changing a compression torque of an internal 
combustion engine in response to said ISG ap- 
plied torque. 

24. The method according to Claim 23, wherein a 
combination of said ISG applied torque and said en- 
gine compression torque decelerates said vehicle 
at a predetermined. desired torque. 

25. The method of Claim 23, wherein said combi- 
nation of torques comprises a maximum torque ca- 
pacity of said ISG and an additional engine com- 
pression torque providing said desired deceleration 
torque, said ISG applied torque being reduced from 
said maximum torque capacity to a difference be- 
tween said desired deceleration torque and a min- 
imum engine torque when said ISG torque capacity 
exceeds said difference. 

26. The method of Claim 23, wherein said desired 
deceleration torque simulates coasting behavior of 
the vehicle. 

27. The method of Claim 23, further comprising 
transferring torque with said ISG comprising a sta- 
tionary stator and a rotating rotor, said rotor being 
connected to a crankshaft of said engine and con- 
nected to an input shaft of said transmission. 

28. The method of Claim 23, wherein said changing 
of said engine compression torque comprises 
changing a setting of a variable valve timing system 
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("WT"), said WT being an electrical WI 

29. The method of Claim 23, further comprising 
changing said ISG applied torque in response to at 
least ISG speed, ISG temperature, battery state of 5 
charge, battery temperature, and electricity draw of 
vehicle electrical components. 

30. The method of Claim 29, wherein said combi- 
nation of torques comprises a maximum torque ca- to 
pacity of said ISG and an additional engine com- 
pression torque providing said desired deceleration 
torque, said ISG applied torque being reduced from 
said maximum torque capacity to a difference be- 
tween said desired deceleration torque and a min- is 
imum engine torque when said ISG torque capacity 
exceeds said difference. 

31. The method of Claim 30, wherein said desired 
deceleration torque simulates coasting behavior of 20 
the vehicle; and wherein said hybrid drive system 

is a low storage hybrid drive system whereby said 
internal combustion engine is the dominant power 
source and said ISG is a supplemental power 
source. 25 

32. The method of Claim 31, further comprising 
transferring torque with said ISG comprising a sta- 
tionary stator and a rotating rotor, said rotor being 
connected to a crankshaft of said engine and con- 30 
nected to an input shaft of a transmission. 
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